Objective: To assess the efficacy and safety of adding propranolol to topiramate in chronic migraine subjects inadequately controlled with topiramate alone.
Chronic migraine (CM) (previously termed transformed migraine or mixed headache) evolves from episodic migraine and affects about 2%-3% of adults. 1,2 Given its prevalence, associated disability, and inadequacy of current management, 3, 4 CM, as defined by the International Headache Society, 5 is a problem for practicing neurologists and represents a significant research need and treatment priority in clinical practice.
Topiramate is an effective, safe, and generally well-tolerated preventive treatment for episodic migraine, with efficacy observed within the first month of treatment. It also is one of the few preventive treatments for CM that has been studied in placebo-controlled, randomized trials with positive, statistically significant results. 6 -8 However; topiramate alone is not an entirely effective CM treatment for most patients; thus combinations of preventive medica-tions are often used. Based on a review of available options, propranolol hydrochloride, a nonselective ␤-blocker, was chosen as the second medication because it is a standard preventive medication for episodic migraine, 9 represents a different class of medication, has a reasonable side effect profile, is approved by FDA for the prevention of episodic migraine, and has been used in combination with topiramate in an uncontrolled study. 10 The Chronic Migraine Treatment Trial (CMTT) was designed as a double-blind, randomized, placebo-controlled trial to assess whether topiramate, combined with add-on propranolol, decreases the 28-day moderate to severe headache rate at 6 months compared with topiramate given with a placebo. It was conducted within the National Institute of Neurological Disorders and Stroke Clinical Research Collaboration, a consortium of community practice-based and university neurologists and physicians.
METHODS Standard protocol approvals, registrations, and patient consents. A steering committee designed the study and The EMMES Corporation (Rockville, MD) was the coordinating center responsible for data collection, quality monitoring, statistical analysis, and training and certification of seventy sites to enroll subjects following protocol approval by local institutional review boards (IRBs) (or a central IRB for sites without a local IRB). Each site obtained written informed consent from each subject enrolled. An independent data and safety monitoring board (DSMB; contributors appendix on the Neurology Web site at www.neurology.org) reviewed and approved the protocol prior to enrollment and reviewed study progress for safety, efficacy, and quality throughout study conduct and the study was registered with clinicaltrials.gov prior to subject enrollment (NCT00772031).
Subjects. Subjects must have been age 18 years or older, had a history (at least 3 months) of CM as defined by the International Headache Society, 5 and had been able to tolerate at least 50 mg of topiramate a day with no contraindications to taking topiramate or propranolol. Subjects must not have had an immediate intent to change usual acute headache medications or other treatments. Subjects with major depression or severe psychiatric disorder (Beck Depression Inventory [BDI] FastScreen score of 13 or greater) were excluded, as were those who had used other migraine preventive medications in the past 2 months or onabotulinumtoxinA injections within the past 3 months. Subjects must not have been using butalbital or opioids for 10 or more days per month. Subjects new to topiramate, not on a maximum tolerated dose, or unable to tolerate a higher dose but at their current dose (must have been at least 50 mg/day) for less than 3 months, entered into a 28-day topiramate titration phase before beginning their baseline diary. Subjects currently on a stable dose of topiramate for at least 3 months at a maximum tolerated dose of 50 mg/day up to 100 mg/day initiated the 28-day diary directly following screening.
Treatments. The Coordinating Center randomly assigned treatment to a subject ID with balanced allocation (1:1) using random block sizes stratified by practice, medication overuse (as defined by the 2006 International Headache Society criteria 5 ), and use of topiramate at screening. After baseline diary completion and eligibility verification, a Web-based enrollment system assigned the subject ID. Neither the subject nor the clinic staff was aware of the contents of the study medication assigned. Masking of propranolol was accomplished by the Drug Distribution Center located at the Veterans Affairs Clinical Research Pharmacy Coordinating Center, Albuquerque, New Mexico, using overencapsulation with locking capsules, such that propranolol and placebo were indistinguishable. Study medication was given as follows: week 1: 1 capsule 60 mg LA propranolol or placebo PM; week 2: 1 capsule AM and 1 capsule PM; week 3: 1 capsule AM and 2 capsules PM; week 4: 2 capsules AM and 2 capsules PM; for a total dose of 240 mg LA propranolol or 4 capsules placebo per day as tolerated. At the end of 6 months, subjects titrated off study medications over 4 weeks.
Primary research question. Does adding propranolol LA
(up to 240 mg/day) to chronic migraine subjects taking topiramate (up to 100 mg/day) reduce the mean 28-day moderate to severe headache rate (headaches of at least moderate intensity lasting 4 hours or more, or treated by triptans or ergots regardless of severity or duration) at 6 months compared to adding placebo to chronic migraine subjects taking topiramate (up to 100 mg/day)?
Secondary outcomes. Secondary objectives included compar-
isons between treatment arms in change from baseline in 28-day moderate to severe headache rates at 3 months; need for acute symptomatic medications at 6 months; change in 28-day total headache rate (headaches of any severity), and percent experiencing at least a 30% or 50% reduction in 28-day headache rate from baseline at 3 and 6 months; change from baseline in Migraine Disability Assessment (MIDAS) score and Migraine Specific Quality of Life (MSQL) at 3 and 6 months; change from baseline in BDI FastScreen score at 1, 3, and 6 months; and adverse event rates.
Follow-up. After randomization, subjects were to be seen in the clinic at 1, 3, and 6 months. Coordinators placed follow-up phone calls at 2 weeks during titration to check on subject status, biweekly through 8 weeks, and monthly thereafter, with a final call at week 28 following completion of study medication withdrawal. Calls were used to verify completion of headache diaries and use of medication and to screen for and record adverse events.
Statistical methods. The study was designed to enroll 250 subjects to provide at least 90% power to detect a 3-day difference and 87% power to detect a 2.5-day difference in 28-day moderate to severe headache rate reductions at 6 months, assuming a type I error rate of 0.05, a 2-sided test, a 10% loss to follow-up, and a SD of within-person change in days with headache of 6. Imbalances in baseline characteristics were tested using the 2-sample t test for continuous measures and contingency tables for generalized linear models for categorical variables. Binary outcomes were analyzed using covariate-adjusted logistic regression with subjects terminating the study early treated as failures.
Treatment effects on mean change in moderate to severe 28-day headache rate, BDI, MIDAS, and MSQL scores were compared using an analysis of covariance (ANCOVA) model with adjustment for covariates including study site, baseline moderate to severe 28-day headache rate, topiramate use, medication overuse, and antidepressant medications use. The SAS ® GENMOD procedure for generalized linear models was used with Tukey adjusted p values presented for the multiple MSQL patient-reported outcome scales. The analysis of the primary endpoint was performed following the intent-to-treat (ITT) principle applied to all participants with outcome data available. Headache rates were imputed from available data for diaries with 6 or more entries. Secondary analyses included multiple imputation methods (using SAS ® PROC MI using propensity score method and PROC MIANALYZE) for 28-day diaries with 23 or more missing diary entries. Tests for significant interactions ( p value Յ0.10) between treatment and depression and strata values were performed. Safety analyses include the outcomes of all subjects who were exposed to the study treatment. Interim analysis was performed using an ␣ spending function approach with O'Brien-Fleming boundaries 11 and an inefficacy analysis. 12 All p values presented are unadjusted for multiple comparisons unless otherwise specified.
Classification of evidence.
This randomized, double-blind, placebo-controlled trial provides Class II evidence that propranolol LA (up to 240 mg/day), when added to topiramate (up to 100 mg/day), is unlikely to be effective in reducing the number of moderate to severe headaches at 6 months compared to topiramate (up to 100/mg/day) alone in a chronic migraine population without adequate relief on topiramate monotherapy (difference in mean moderate to severe headache reduction on placebo and topiramate [4.5 days] vs propranolol and topiramate [4.0 days] was 0.5 days [95% confidence interval Ϫ1.4 to 2.5]).
RESULTS
The DSMB reviewed results from 171 (68% of planned sample size) randomized subjects (85 assigned to topiramate plus propranolol; 86 assigned to topiramate plus placebo) during a preplanned interim analysis and determined that it would be highly unlikely for the combination (topiramate plus propranolol) to result in a significant reduction in 28-day headache rate compared with topiramate alone if all 250 subjects were enrolled. The DSMB recommended termination of enrollment. Between October 2008 and September 2010, 65 centers screened 627 subjects, randomized 191 subjects, and reported 6-month outcome data for 116 subjects.
The figure provides the disposition of study subjects. A total of 627 subjects signed an informed consent and initiated the screening period. Of these, 191 were randomized (95 placebo and 96 propranolol). A total of 116 subjects (61%) completed at least some component of 6 months of follow-up (64 propranolol and 52 placebo). Fifty subjects (26%) did not complete 6-month follow-up because they were lost or refused further follow-up (20 propranolol and 30 placebo), and 25 subjects (13%) had not completed the 6-month follow-up window at the time of study closure because the study was discontinued by the DSMB (12 propranolol and 13 placebo). Follow-up rates at 3 (6) months for those with the opportunity for follow-up were 81% and 70% (76% propranolol and 63% placebo), respectively.
Subject demographics and baseline medical and headache histories are summarized by randomized treatment in table 1. Of the 191 randomized subjects, 85% are Caucasian, 10% are of Hispanic or Latino ethnicity, and 90% are female. The median age at randomization is 42 years (range 18 -67 years). The average 28-day headache rate for the study population was 18 days, with 11 days meeting the definition of moderate to severe headache. Treatments are balanced by demographics (except Hispanic or Latino ethnicity, p value ϭ 0.03) and medical and headache history. The baseline characteristics of the 166 subjects with the opportunity for 6-month follow-up (includes those randomized at least 6 months prior to study closure with some 6-month follow-up [n ϭ 116] and those lost to follow-up [n ϭ 50]) were similar to the entire randomized subject population (data not shown). For the subjects with the opportunity for 6-month follow-up, treatments were balanced by Hispanic or Latino ethnicity. At 6 months, 29 subjects (25%) had permanently discontinued one or both of topiramate and study medication; 16 subjects (14%) had permanently discontinued their study medication (4 placebo and 12 propranolol), and 13 subjects (11%) had permanently discontinued both medications (figure). Subject reports during follow-up diary entries indicated 59% and 73% of subjects assigned to propranolol and 45% and 68% of subjects assigned to placebo had a greater than 80% adherence to topiramate ( p value ϭ 0.03) and study medications, respectively. The average dose of medications taken was 88 mg/ day of topiramate, 177 mg/day of propranolol, and 205 mg/day of placebo. Median doses were 100 mg/ day of topiramate, 236 mg/day of propranolol, and 240 mg/day of placebo with ranges in each spanning from 0 to the maximum dose. Table 2 provides results from subject diaries. At 6 months, the mean reduction in moderate to severe 28-day headache rate for combination therapy (n ϭ 63) vs topiramate alone (n ϭ 48) was 4.0 vs 4.5 days ( p ϭ 0.57). The 6-month mean reduction in total 28-day headache rate was 6.2 vs 6.1 days ( p ϭ 0.91) for combination therapy and topiramate alone. The difference between propranolol vs placebo added to topiramate in mean reduction of moderate to severe 28-day headache rate was 0.5 days (95% confidence interval Ϫ1.4 to 2.5), thus excluding differences of Ϫ1.4 days or larger in favor of propranolol (data not shown in table 2).
Mean reductions of 2.2 and 1.6 moderate to severe 28-day headache rate ( p ϭ 0.48) and 4.0 and 3.2 total 28-day headache rate ( p ϭ 0.42) were reported at month 3 for propranolol (n ϭ 70) and placebo (n ϭ 65) respectively and were neither statistically nor clinically significant. There were no signif-icant interactions between covariates and treatment detected. A larger baseline 28-day headache rate was, consistently, the only significant predictor of a larger decrease in follow-up 28-day headache rate (␤ ϭ Ϫ0.32 p Ͻ 0.001, data not shown in table 2). There was also a significant site effect of moderate to severe 28-day headache and total 28-day headache at 3 months; however, adjustment for site did not alter the outcomes. Subjects who were using topiramate prior to screening experienced a similar decrease in 28-day headache rate as those not previously on topi-ramate ( p ϭ 0.31), as did medication overusers ( p ϭ 0.93).
When headache outcome was analyzed as a percent reduction, subjects assigned to propranolol (n ϭ 84) were 44% more likely (odds ratio [OR] ϭ 1.44) to have a 30% or greater reduction in moderate to severe 28-day headache rate compared with subjects assigned to placebo (n ϭ 82) at month 6. This difference did not reach statistical significance ( p ϭ 0.27). There was no difference in 50% or greater reductions (OR ϭ 1.00; p ϭ 0.99). Subjects assigned to pro- pranolol were 47% more likely (OR ϭ 1.44) to have a reduction in 28-day treated headache rate compared with subjects assigned to placebo, but this reduction in odds also did not reach statistical significance ( p ϭ 0.24). Imputation of 28-day headache rates for those who were lost to follow-up did not change the conclusions reported in table 2 and above for headache rate reduction or percentage reduction. Table 3 summarizes the mean change in BDI score at months 1, 3, and 6 by treatment group and MSQL and MIDAS scores at month 3 and 6. An increase in change in BDI and MIDAS scores from baseline indicates a worsening, while an increase in MSQL indicates an improvement. There was a statistically significant but not clinically significant difference between treatments in mean change in BDI score at month 3 but not at month 6. There were no statistically significant differences in mean change in MSQL or MIDAS scores by randomized treatment group for all domains at month 3. At month 6 there were no statistically significant differences in mean change in MIDAS, MSQL role restrictive, and MSQL emotional function domains. There was a significant interaction between randomized treatment and prior topiramate use ( p value ϭ 0.0002) for MSQL role prevention.
There were no reported deaths. Twelve subjects (7% propranolol and 5% placebo) reported a serious adverse event including 1 case of depression (propranolol arm) and a wide range of other single events including gastrointestinal disorder, dehydration, paresthesia, syncope, insomnia, pregnancy, breast pain, pelvic pain, and surgical procedure. The number of subjects with a nonserious adverse event within selected system organ classes and preferred terms are summarized by study medication in table 4. More subjects assigned to propranolol vs placebo reported dizziness (14% vs 3%, respectively, p value ϭ 0.01) and adverse events involving general disorders (28% vs 15%, respectively, p value ϭ 0.04). Depression (n ϭ 5) and fatigue (n ϭ 4) were the most commonly cited reasons for medication discontinuation in the 29 subjects who reported medication discontinuation. DISCUSSION We designed this study based on guidelines for studies of prophylactic treatment for CM. 13 We found that the combination of topiramate with propranolol did not improve average days of moderate to severe headache or headache with any severity level over a 6-month period. We found a large decrease in 28-day headache rate in both the propranolol and placebo arms. Even subjects enrolled on a stable dose of topiramate had a 4-to 5-day reduction in moderate to severe 28-day headache rate, so it is unlikely there was a continuing impact of topiramate efficacy beyond the run-in and any carryover effect of topiramate would be expected to be balanced by treatment. This spontaneous improvement needs to be considered when interpreting results of single-arm trials where the subject serves as his or her own control. Open-label studies comparing headache frequency during treatment with topiramate 75-100 mg daily with baseline headache frequency (i.e., without a concurrent placebo group) reported 39%-90% reductions. 14, 15 Randomized placebo-controlled trials reported more modest reductions when compared to placebo. 6, 7, 16, 18 Depression and fatigue have been associated with use of propranolol. 19 No statistically significant changes in depression at 6 months were observed in our study. Fatigue incidence was borderline significant. Although the combination therapy appeared to be relatively well-tolerated compared with mono- Baseline 28-day headache rate, mean (SD) 18 (7) 18 (7) 18 (7) Baseline moderate to severe 28-day headache rate, mean (SD) 12 (7) 11 (6) 11 (7) MIDAS, mean (SD) c 18 (16) 18 (14) 18 ( therapy, the study was inadequately powered to determine expected safety in the general chronic migraine population. The CMTT population was similar to the TOP-CHROME, 6 the Topiramate Chronic Migraine Study, 7 and PREEMPT 16 -18 study popula-tions in severity of headaches, but not in the requirement that subjects have an inadequate response to topiramate. This factor presumably selected out easier-to-treat subjects. CMTT subjects began with an average of 18 headache days, 11 of which were moderate to severe, compared to TOP- Abbreviations: CI ϭ confidence interval; OR ϭ odds ratio. a Mean change in moderate to severe 28-day headaches and total 28-day headaches were calculated excluding those that had 3 months of follow-up and less than 6 completed diary days or 6 months of follow-up and less than 11 completed diary days. Participants lost to follow-up or who did not complete the minimum number of headache diary days were treated as failures for the 30%, 50%, and any reduction in headache days outcomes. b Model was adjusted for the following covariates: study site, baseline moderate to severe headaches, prior use of topiramate, medication overuse, and use of antidepressant. c Model adjusted for the following covariates: study site, baseline moderate to severe headaches, prior use of topiramate, medication overuse, ethnicity, and use of antidepressant. d No topiramate: no prior use of topiramate, or less than 3-month use, or able to titrate higher. Topiramate: used a maximum tolerated stable dose of topiramate (50-100 mg/day) for at least 3 months prior to screening. CHROME, with an average of 15.5 migraine days, the Topiramate Chronic Migraine Study with 17 headache days, and the PREEMPT studies with 19.9 days. A 2.5day reduction was observed in the topiramate arm of the TOP-CHROME study 6 with no reduction in the placebo arm. In the Topiramate Chronic Migraine Study, headache days were reduced by 4.7 days with placebo and 6.4 days with topiramate over 12 weeks using a similar dosing regimen. 7 The PREEMPT clinical trials also showed a substantial placebo effect in a population randomized to either onabotulinum-toxinA injections or placebo. The average reduction at 24 weeks in 28-day moderate to severe headache rate was 7.7 days for those assigned to onabotuli-numtoxinA injections compared with 5.8 days for placebo. Our 6-month follow-up rate of 76% for propranolol and 63% for placebo is similar or higher than 6-month follow-up rates reported by trials of topiramate vs placebo in previous studies which ranged from 55.2% to 75%. 7, 8 Our study tested the combination therapy of topiramate and propranolol against topiramate alone. A prior study testing low-dose topiramate vs propranolol demonstrated that both low-dose topiramate and propranolol significantly reduced migraine headaches. 20 Although this study did not include a placebo comparator, other placebocontrolled trials have shown propranolol and topiramate each as efficacious monotherapy in people with migraine. 9 The CMTT was performed in a large cohort of practices that were part of the National Institute of Neurological Disorders and Stroke Clinical Research Collaboration. The study was designed to answer an important question in clinical practice and was able to do so while minimizing the exposure of subjects to combination therapy. The results from this study suggest the combination of topiramate with propranolol does not provide clinically relevant benefit over topiramate alone in a CM population.
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DISCLOSURE

General disorders and administration site conditions
Any 27 (28) 14 (15) 41 (21) 0.04
Selected preferred terms
Fatigue 22 (23) 11 (12) 33 (17) 0.06
